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@ Thermal Protection
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® Thermat Protection Systems|
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® Subsystems Technology

@ Operations
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® Orbiter Technology




GRUMMAN SPACE SHUTTLE ORGANIZATION

DIRECTOR
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BOEING SPACE SHUTTLE ORGANIZATION

AEROSPACE GROUP

0.C. Boileau, V.P.

1

SPACE SHUTTLE BRANCH

0.C. Boileau (Acting)

W.T. Hamilton, Deputy

STRATEGY & TEST OPS & CONTRACT CHIEF ENGINEER 0. MGR
PLANNING MGR Q.A. MGR MGR : PROD.
W.T. Hamifton
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BRIEFING OUTLINE

SERIES BURN
Veh Performance
& Selection

PARALLEL BURN
Veh Performance

& Selection
BOOSTER
Design
Status

SYSTEM
Comparison &
Evaluation

SUMMARY
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CONFIGURATIONS

SERIES

e J-2S/SSME
o SSME

BRB — SAM BACKUP

BRB — SRM BACKUP

156 In.
120 In.

o J-25/SSME
e SSME

120 In.
156 & 120 In.

e 4J)-28
o 5F1




MK I/11 SYSTEM REQUIREMENTS SUMMARY

Mk i Mk Il
Orbiter Main Propulsion J-28 SSME
OMS AV, Tank Sized for: (Use Mk Il Tank) 1000 FPS Due East
TPS Ablative Reus Ext Insulation
Payload Wt, Min/Desired, K Lb  10/25 40 Polar

65 Due East

Payload Size 15 x 60 Ft
OMS, RCS, APU Propellant Storable
Cross Range 1100 N Mi
Abort Capability Intact
Staging Velocity 6000 + 1000 FPS
Wt Contingency, Veh/HO Tank, % 10/2

ABES for Orbital Flight

In Payload Bay
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KEY DESIGN GROUNDRULES

® Mk I/l Configurations Use 1:1 Replacement, SSME for J-2S
o Mk Il SSME Constrained to Mk | J-2S Envelope
o Assumed Acceptable Mk | Payload = 20K Lb

o SRM:s Sized as Backoff for Series - & RAQ-BRB Vehicles



OBJECTIVES

Compare & Evaluate Flyback, Series-BRB, & RAQ Shuttle Systems
Recommend Mast Practical in Light of Technical Funding Limitations
Report BRB Detail Design Data

identify SRM Backup Capability for BR8

Show Performance/Cost Differences for J-2S/SSME vs SSME Only

Report Swing-Engine Status
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BRIEFING OUTLINE

SERIES BURN
Veh Performance
& Selection

& Selection

PARALLEL BURN
Veh Pertormance

o Series BRB
o Series BRB
e Flyback

RODSTER
Design
Status

- J-28/SSME
— SSME Optimized
-J-25

SYSTEM
Comparison &
Eusluation

X VA

SuUMMARY
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MK | SERIES BALLISTIC LAUNCH CONFIGURATION

® GLOW 7.957M Lb

i L4 i]e OLOW 1.169M Lb

Yy | -|{|e BLOW 6.788M Lb

7|® Vstage | 5851 FPS
o Payload 24/40K

[2]
[T
(-3
3
[ ]

280

" RP-1 Tank .
|.0 2 Tank ““‘,‘ .
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SERIES BRB — J-2S/SSME & SSME ORBITER

Mk | *Mk 11

GLOW, M Lb

BLOW, M Lb

Booster Inert M Lb
Booster \’

OLOW, M Lb

Orbiter Dry Wt, K Lb
Tank Dry Wt, K Lb
Orbiter Engines

Orbiter T/W
Payload, K Lb

Vs, FPS

7.957
6.788
1.262
0.814
1.169
135.8
52.7

(4) 265K
J-28/SSME

.807
23.8/40

5851/5794

6.903
5.616
1.081
0.807
1.287
14713
55.8

(4) 375K
SSME

1.165
40

5003

-1.054
-1.172
-0.181

-+0.118

+11.5
+3.1

+16

*Characteristics Shown for Mk |
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POINT DESIGN LAUNCH VEHICLE WEIGHTS

o Series BRB e Polar Orbit
J-28/SSME Mk i Mk Il
Weight
Payload 23,800 40,000
Orbiter
Dry 135,843 133,069
Landed 160,800 177,580
Inject 184,500 199,360
Tank
Dry 52,674 52,674
Inert 65,462 65,930
Propellant 919,380 919,380
oLowW 1,169,342 1,184,670
Staged Tank Skirt (7500) (7500)
Booster
inert 1,262,404 1,262,404
Propellant 5,525,396 5,525,396
BLOW 6,787,800 6,787,800
GLOW 7,957,142 7,972,470
Orbiter Ideal AV 21,600 21,750
Booster Ideal AV 10,513 10,475
VStaqev FPS 5,851 5,794
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SERIES BRB — ORBITER/HO TANK

p— - 1337

15

oLOwW 1,169,342 Lb
Landed Wt 160,800 Lb
Dry Wt 135,843 Lb
Engines (4)/)-28
VStage 5851 Fps
W 0.906

Tank Inert Wt 65,462 Lh
Payload (Polar) 23,800
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SERIES BRB — HO TANK WEIGHTS — POLAR ORBIT
e Usable Ideal AV Propellant: 919,380 Lb

Mk i
Structure
LH, Tank 23,262
Mid Skirt 5,360
LOX Tank 9,061
Aft Skirt 1,213
Subsystems
TPS/Insul 4,460
Nose Cone 1,400
Sep/Deorbit 2,680
Propulsion 2,665
Electronics 1,540
Contingency (2%) 1,033
Total Ory Weight 52,674
Residuals 7,050
Reserves 5,738
Total Inert 65,462
N 0.9335
Staged Skirt 7,500
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SERIES BRB PERFORMANCE

MLb

99 __ Mk Il Thrust, K Lb J-28/SSME

Per Eng (Total)

Des Pt

300 (1200)
350

vStaqe' K Fps

Mk | Payload, K Lb

17
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SERIES BRB—COST OF MAX MK | PAYLOAD

Total Program $143 M
DDT&E $51 M

Booster 1.24
Inert 1004
WEi!lht Cost Total $
MLb 114 Min. Cost  $M
Design
50 4
1.0 T Y Y
10 20 30 DDT&E
Mi | Payload K Lb 0
10 20 30

Mk | Payload K Lb
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SERIES BRB PERFORMANCE — GLOW & TOTAL INERTS

GLOW, Total 15
MLb Orbhiter Vac
1.5 Thrust,
MLb
7.049 1.2
Total
Inert
6.5 Weight,
MLb
6.0 T T Total, MLb [ 1.2 [1.5 1.8
40 5.0 6.0 1.2 Orbiter’K Lb| 163| 175| 188
Tank, KLb | 70| 70| 71
vstage' K FPS Booster 1107] 10801085
*Includes OMS/RCS Prop.
1.1 T T
4.0 5.0 6.0
vStage' K FPS
19
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SERIES BRB — SSME

SSME SSME
THRUST COMPARISON Total Thrust 14 e M th [ 1.2MLb
Inj, K Lb 228 203
— L Landed, K Lb | 200 178
Dry, K Lb 158.7 136.6
Engine (4)-450 K | (4)-300 K
_J_SE Vac 457.2 457.2
€ 90 90
O/F 6/1 6/1
L Ft 121.15 120.7
W, Ft 71.33 73.5
H, Ft 43.67 42.3
A, Ft 21.8 16.75




SERIES BRB

275 o Total Thrust, M Lb 1.2 1.5 1.8
) Total DDT&E, $8 4,292 4,343 4.385
g:r&s Total A$ = 93IM
250 2495 2526 =
20+ 2424 A$=102M
2.25 -
50(16 0.452
. o K -
0.410 2334 AS$ = 420
250+
Total
Orbiter | T= 1.2 15118 T=] 1.2 15| 1.8
Th =
~|J|uftb Crbiter Engine
& Engine
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HOW MANY SSME ENGINES IN ORBITER — 3 OR 4?
o, ,

o Thrust level
o Weight n
e Cost 9‘\6
— e Abort 3\1 '5—
— = .
Q&_r_ﬁ
600
Engine Vac 500
Thrust Level 400~ %
300
1 ¥ 1 ] 1 1
1.2 1.5 1.8

Total \iac Thrust
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SERIES/BRB — HOW MANY ENGINES? — 30R 4

wi
WE\S Delta
= (@) vs (3)
Main Engine -1020

Engine Install + 230
Aero Surfaces +563

Body -63
TPS +638
Iteration, rem +159
Total, Lb +507
<
cos 1800 K Lb Thrust Delta
Thrust (4)-450K | (3)-600K | (4) vs (3)
Dry Weight, Lb 158,765 158,258 +507
DDT&E, $M
e Engine $ 452 $ 472 -$20
o Orbiter 2074 207 +3
e Total $2626 $2543 -$17
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SERIES/BRB — HOW MANY ENGINES? — ABORT

(Liftoff  Staging In Orbit |
[ 110 3 Secs |
Return to Site ""—*‘| e
. rev— Return to Alternate
JEngine [ ST /- Abort to Orbit

' »

| ]
|

]

Return to Site

4 Engine [_ Abort to Orbit
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SERIES/BRB - HOW MANY SSME ENGINES? - SUMMARY

|3 or 4]

o Weight v Vv

o Cost vV

e Abort v

e Maint and Spares Vv

o Thrust Level 400/500 300/375
25
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J-28/SSME vs SSME SERIES BURN

nek
- J-2S/SSME_| _SSME
Mk | 1500K
o GLOW,MLDb 1.957 6.903
e OLOW MLD 1.169 1.287
® W, Bst,MLb 1.262 1.081
e OrbEng No/Tv 4/265 4/375
® Vgiager FPS 5851 5003
e Payload, I/Il, K Lb 23.8/40 40
J-2S/SSME | SSME
e MkIDDT&E, $8] 4.08 435
e PAF, $B 1.02 1.07
e Cost/Fit, $M 8.1 7.89
{Not Amortized)
e Tot. Prog, $B 10.83 10.40




SERIES BRB/SRM BACKUP - COST/PERFORMANCE

n J-28/SSME SSME
156" SRM SRM
15T | 287 156 | 1207
18T | 1ST
: ‘ PERF,M Lb

* GLOW 570 | 530 521 | 533

* BLOW 451 | 412 392 | 404
atal - o Bstr Inert 573 513 495 539

1 cost

BRB SRM SAM o Mk | DDT&E, $8 316 | 32 351 | 348
157 ST e PAF,$B, ‘15 i 078 | 078 i 085 | 086

o Cost/Fit*, $M Q2197 |20 il 204|225
e Tot. Prog, $B 14,49 1392 1367 |[1354

*Not Amortized

27
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SERIES/BRB SUMMARY

@
"

e Requires SSME Thrust = J-2S Thrust (265K)
e GLOW I MLB Higher Than SSME

e DDT&E Lower By $270M, PAF $50 M

¢ SRM Backoff Available

o Orbiter Installed Thrust Should
Be Near 1.2M Lb for Lowest DDT&El

e Four Engine Abort Performance
Superior to Three Engines

o SRM Backoff Available

28



FLYBACK SYSTEM

6.55M Lb

[ J
e OLOW 1.25M Lb
e BLOW 5.30M Lb
L‘ rff A' [
133.5" x 23.5" Dia Tank
a 3063
29
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FLYBACK/J-2S — WEIGHT SUMMARY — POLAR ORBIT

Payload, Up/Down 55,405/25,000
Orbiter

Dry 135,843

Landed 162,000

Inject 219,340
Tank

Dry 56,528

Inert 70,489
Propellant 962,500
oLow 1,252,329
Booster

Inert 710,700

Propellant 4,587,600
BLOW 5,298,300
GLOW 6,550,629
Orbiter Ideal AV, FPS 20,470
Booster Ideal AV, FPS 11,809
VStage' FPS 7,046

30



e Flyback/J-2S

HO TANK WEIGHTS — POLAR ORBIT

e Usable ldeal AV Propellant: 962,500 Lb

Structure
LH, Tank 23,700
Mid Skirt 5,540
LOX Tank 9,300
Aft Skirt 3,850
Subsystems
TPS/Insul 4,610
Nose Cone 1,400
Sep/Deorbit 2,700
Propulsion 2,780
Electronics 1,540
Contingency (2%) 1,108
Total Dry Weight 56,528
Residuals 7,200
Reserves 6,761
Total Inert 70,489
N 0.9318

31
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FLYBACK/J-2S — PAYLOAD CAPABILITY

40-

Polar

Payload, 20-

K Lb
o Engines
e OLOW,M Lb
e BLOW,MLb
e GLOW, M Lb

] vStage' FPS

o Weight Margin

(4) 3-28
1.252
5.298
6.550

7046
15K

32




SWING-ENGINE STUDY STATUS

o Permits LOX Tank Location Aft
e Decouples Orbiter/Main Propulsion Development

o Can Be Used as Expendable Stage for Large
Unmanned Payloads

@ Provides Pad Abort Potential

33
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SWING ENGINE INSTALLATION

Engne Thrust Structure

e
Swing Links
o
N )
Continvous Locy
: Orive
’ {‘ . /“
- -
:‘,\ 5 Drive Mechamism

Sepersvon Jount

N
Goer Do~ &
L] “’ LL /
Radws Rod — o
ernrn 2

Camman Orve Wotor
{Engine betinont
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SERIES BRB SWING ENGINE OPERATIONS EVALUATION
ASSUMPTION: SEPARATION/RETRACTION MECHANISM FAILURE
Engines Out, Nominal CG (65.4%),

OMS Retained (63.4%), [~ 25K Payload
Acceptable Trim

Nominal CG (67%),

Engines Out, No Payload

OMS Depleted (61.3%), —\

/ Engines 20,000 Lb

OMS + RCS: 18,000 Lb

|
CG Limit for Acceptable Trim —y

@ Retain Maximum OMS + RCS for Balance
o Terminate Mission
o Make Normal Entry

35




SERIES BRB - SWING ENGINE WEIGHT COMPARISON

Say,
BRE Swing o2y, »
Major Item Series Engine Weight
Q

{Thrust Structure) (2,675) (-2,675)
{Swing Mechanism) - (+1700) (+1700)
Body Group 31,499 30,524 -975
Propulsion
Instailation 4,400 4,980 +580
(Self-Contained
Hydraulics)
Dry Weight 135,843 135,375 468

Propellant 919,380 919,380
LH, Tank 23262 10,388 12924
Mid Skirt 5,360 2290 -3,070
Aft Skirt 1,213 2935 +1,723
Thrust Structure - 2,788 +2,788
TPS/Insulation 4,460 6,700 +2.240
Nose Cone 1,400 1,200 200
Dry Weight 52,674 43805 4,769
Inert 65,462 56,500 $967
by 09335 0942
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SERIES BRB — SWING ENGINE — PAD ABORT

SRM Burnout

275 Kt
0 e
\ Atlantic Ocean
Pitch to 30° 3@ =
e Shock Wave
“TT e~ [\ Overtakes Orbiter
"N At 1200 Ft
=N
625 Ft Dia
Fireball

VAB

37
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SERIES BRB — SWING ENGINE SUMMARY STATUS

o Weight Reduction Lb  — Orbiter & HO Tank 9,237
- BLOW 720,988
— Booster Inert 135,360

® Payload Bay Storage  — Not Possible (PL Bay Dia = 180 In.)
—4 J-25 230 In. On Diagonal
— 3 500K 220 In. Across Base

® Engine Swing Mechanism— Needs Further Detailing

@ Orbiter Pad Abort — Potential Exists

38



BRIEFING OUTLINE

SERIES BURN
&

Yeh Performance
& Selection

PARALLEL BURN
Veh Performance
& Selection

e Sizing

e Cantrol

® Separation

® Configuration Comparison

BOOSTER

Design

Status
SYSTEM
Comparison &
Evaluation

Sunp
39
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RAO — PRIMARY & SRM BACKOFF CONFIGURATIONS

,‘ SRM Backoff @SRM Backoff

BRE 5 186-1n] (@1 1207 | | (4) 1207

< I

—-

- _L*‘_‘_ ) “—“*“-""—
L

-
—

-
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RAO/BRB — SSME ARRANGEMENT

e GLOW 5.760M Lb

e OLOW  2.052M Lb
. , — Prop. 1.720M Lb
B _ e Orbiter 228K Lb
’ﬂ. ggg |° BLOW 3.708MLb
1 ) — Prop. 2.966M Lb

' o Fy,c Bstr 8x920K Lb

o Fy,c Orb 4x 450K Lb

HO Tank

. 73.9 —
STTTID SO

41
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RAO/BRB — SSME SIZING

Booster
;L&N Inert Wt (ea),
71 K Lb
500 - 4751
4751 1800K
64 1500K
400 1
1800K
1500K
300+ Bstr \’ = 0.8105
5 1 T T 1
A 5 6 4 5 §
VStage' K tps VStage' K fps
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RAO/BRB — SSME — COST

43
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RAO BRB/SRM BACKOFF (SSME)

JIT\ /‘ﬂ\ \
. il e
AL IR K A
{ al ” \ o Either 156 or 1207 SRM
1 \ T ] : ] I Provide Backoff
n (1.
| b ‘r*"p' > N I L
- i A
6 BRB
: y , , F Vac Tot.
=2'F,R,B 1] 2-156 SRM's | 41207 SRM's V Stg 4751
: oo ® 1800K SR
| 4/SSME 4/SSME 2 5 1800K
g
a V $tg 4633 Fps
4

T T T T 1
4000 5000 6000
Vstage: K FPS
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RAO BRB/SRM BACKUP (SSME)

6] 4751 BRB
Glow, Fyac Total:
MLb | 1800K SAM

54 1800K
4633
. 3509 E ¢ Total: BRB
a 5 6 o] 0K X = 0.8105
VStage' K FPS
4751
Booster 250
Inert Wt
(Ea, K Lb SRM
200+ 4633
1800K
150 T T !
4 5 6
vStage' K FPS

45
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RAO 156" SRM BACKOFF (SSME)

e GLOW 4.775M Lb
s OLOW 2,052M Lb

— Prop. 1.720M Lb
o Orbiter 228K Ln
e BLOW 2.724M Lb

— Prop 2.377M Lb
L FVac Bstr 2 x 2.595M Lb
L] FVac Orb 4x 450K Lb

Orbiter & Tank )dentical
to BRB Orbiter/Tank
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RAO/BRB — 120-IN. SRM BACKOFF (SSME)

Orbiter
HO Tank

-

{———‘ 169°

47

GLOW
oLow
Prop.
Orbiter
BLOW
Prop.

F Bstr

4,772M Lb

2,052M

1.727M
228K

2,719M

2,360M

4 x 1270K

4. 450K
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------




RAO/BRB — J-2S/SSME ARRANGEMENT

/

Mk Il Weights
BRB

GLOW, M Lb 6.957
OLOW,M Lb 1.647
Prop., M Lb 1.363
Orbiter 199.0
BLOW,M Lb 5.309
Prop., M Lb 4.332
FVac Bstr K Lb 9.974
FVac Orh, K Lb 1.060
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RAO/120-IN. SRM BACKOFF (J-2S/SSME)

120 In. SRMs (6)

Orbiter

HO Tank<

72

3

N

[ ;,_{‘,_KX

49

120-In.
GLOW, M Lb 5.625
OLOW,M Lb 1.647
Prop., M Lb 1.363
Orbiter, K Lb 199.3
BLOW, M Lb 3.977
Prop., M Lb 3.437
FVac Bstr, M Lb 6.859

1.060

FVac Orbiter, M Lb

uuuuuuu




RAO GLOW COMPARISON FOR SSME vs J-2S/SSME

oR®
6.96M

J-28/SSME

SSME

5.76M

50

J-28/SSME

SSME

6(1207) 4(1207)
I 2(156)

4.71MM



RAO CONTROL EVALUATION

Objective: Eliminate TVC from BRB

o Nominal Flight

o Orbiter or Booster Engine Failure

e 3 or 4 Engines

51
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RAO/BRB — SSME CONTROL FOR NOMINAL FLIGHT

@ For Dynamic Pitch and Yaw Control At
QM“ — No Booster TVC Required
Orbiter Net Thrust

(Neutral Pasition) @ Roll Control Is Major Problem

52



ROLL CONTROL DURING ASCENT
/ ‘ (uﬁ)MaX 4500 PSF-Deg

149
E B P—
! 2 12
/! o
a = 10 Fins
L e
g' r ‘g’ 8
Fixed Fins :-=: 2 6
[V
So 4 109 Elevon
B ~=.E
1on EaZBRB i & x 9
(425 F19) 0 | [omiter Gimballing

Moment  Control
Deficiency Source

e Weight 5.2K Lb, Incl: — Jettison Hardware

53
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RAO/BRB/SSME - CONTROL UNDER ENGINE FAILURE

CONDITIONS

Gimbal Angle Margin at uMax
(Avail Gimbal Angle: 10 Deg)

Pitch Yaw

(Upper Orb (Booster

Eng Out) Eng Out)
SSME/BRB 6-1/2 0
J-25/BRB 8 0

(Erj, JJ L j\@ o Assume Abort Reqd for All Engine Failures

e Bstr Eng Failure Req Auto Shutdown of Opp Eng
© Roll Buildup at 1.2 deg/sec?




RAO/BRB — SSME: HOW MANY ENGINES? FOR CONTROL

Assuming:

® No TVC in Booster

e +10%1CD Gimbal Angle

e Upper Orbiter Engine-Out Critical
o Oma X Imposes Greatest Demand

Pitch Gimbal Margin for
Qmax Control:

3 0
With One Engine Qut, 4-Engine
Orbiter Provides More Control
Margin & More Than Doubled o
Control Authority 6

55
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RAO — CONTROL/TVC CONCLUSIONS

® For Nominal Flight - No TVC Required
— Pitch & Yaw Control 0K
— Roll Stabilization Requires Fins

® Engine-Out Conditions Critical
— Control Margins Appear Acceptable, But
— Are Based on Analysis & Rel W.T.
— Need More Wind Tunnel Test & Simulation

® Cannot Conclusively Prove No TVC Required - Do
Not Use as Configuration Discriminator

® |f Full TVC Were Used on BRB Would add A~ 250K GLOW

56



RAO/BRB-SSME — HOW MANY SSME ENGINES
Jord

Installed Weight Close
System Cost 4
Better Installation

Reduced QOperations, Spares, & Cost
Better Control Potential

Improved Abort Operation

3
3
4
4

SELECT4x 450K
(396 K S.L.) FOR RAD

57
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RAO/BRB SSME vs J-2S/SSME SUMMARY COMPARISON

J-2S/SSME
GLOW 576 M 6.96 M
OLOW LD 2.05M 1.65M
Wt Bstr Lb J42M 97T M
Orb Eng No/T,, | 4/450 K 4/265 K
VStage 4793 5901
Payload 1/l - Lb | 40K 21/40 K
SSME J-2S/SSME
Mk 1| DDT&E 4.028% 3.69 8BS
PAF .97 BS .92 8%
Cost/FIt* 8.20 M$ 8.13M$
Tot Prog 10.10 BS 10.45 8BS

*Not Amortized
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RAO/BRB — SSME:BOOSTER HO TANK SUPPORTS

Aft Orbiter Thrust

ﬂ E Support

59
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HO TANK COMPARISON

Series Parallel
T J-2S/SSME
{ \'= 941 SSME
s ;gn 95
] , ? 4 RAO
BRB i
BRB 94 Series
Thrust Thrust
. 155
. — | .93+ SSME
41 Staged A'=.936
| > Skig: == 1 J-2S/SSME
g ; (7535) 2\' = .?33 T T T T T ¥
600 800 1200 1600 2000

e Tank Dry: (58,120) ® Tank Dry (68,368) 3
Usable Propeltant (Lb x 10°)
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RAO/BRB — SSME — ACOUSTIC
SOUND PRESSURE LEVEL AT LIFTOFF

152
163 —

155 —
157
158 —

12—
172 —

@ Orbiter Structural Penalty of 1450 Lb.

61
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RAO — BOOSTER SEPARATION

— Peel-0ff Passive

— Parallel Links Active

— SRM Active N
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RAO—-BOOSTER SEPARATION
71.5° Position,

’ q 6 = 0°/Sec
= ]
1=t Th# . 0 = -19°/Sec

RS S IV U (1.56 + 1.64) Sec
A NI

50 Deg Position \ 125"
Lone

*190"

60 N ,

38.7 AN ‘:ﬁero Pitch - 5

(1.56 +1.08)—> AT\ ' Rate /(7\’
o Ty \ ‘ ~240”

40 Deg Position N \ SRR v§
. 2

43.8

(1.56 + 0.58)
SLr
i
20 DegRel  * /.
26.5
1.56
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BOOSTER SEPARATION — ROCKET ASSISTED

Weight - Lb

Total SAM | Struct Support Total

Nominal 3820 454 4214
Max-g 8060 786 8846

Forr-
y

=]
Bz

Tl
- .

/N

190"
s ::‘ }\ "2‘- I\ A l
e MJ i1
——Max q Sep - t= 2.7 Sec
—— Nom Sep - t = 2.46 Sec
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RAO WIND TUNNEL — MACH 3.0

65
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RAO — BOOSTER SEPARATION CONCLUSIONS

@ Loading Conditions Critical for Max Q
Separation - Doubles Nominal Design Loads

@ Passive Peel-off System OK for Nominal
Max Q

@ Prefer Active SRM Ejection at 9,000 Lb Weight
Penalty
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RAO ENGINE & BOOSTER COSTS

Mk |, DDT&E, & PAF

& ” 4.028
SSME

PAF

s ae e oo

0.97B

3.698
J-28/SSME

PAF
e
0.928

$M/Flight 8.2

8.1

3.48B 3438

156"
SRM

PAF

0.84B

120"
SBM

PAF_
70.828

15.2
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RAO/BRB/SRM BACKOFF

}‘;%*' SSME J-25/SSME

S BRB | Solids BRB | Solids
35 2. [a- 6-
156 | 1207 1207

GLOW,MLb | 576 |4.78|4.77 | 6.95 |5.63
OLOW,MLb | 205|205 2.05 | 1.65|1.65
BLOW, MLb | 3.71 |272| 272 | 5.313.98
ORB Inert, K Lb | 167 |167 | 167 | 141 | 182
Bstrinert, K Lb | 742 |347 |359 | 977 |539
Tank Inert, K Lb | 103 | 103 103 | 85 | 85
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RAO BRB/SRM BACKOFF

SSME J-2S/SSME
BRB [Solids BRB [Solids 115
2- |a- 6-
156 [1207 1207 15.2
Mk | DDT&E $8 | 4.02| 3.48| 3.43 | 3.69 3.02
PAF ‘75 $B 97| .84 .82 92| 72|82 8.1
‘84 93] 1.09 1.40 120
Tot Prog - $B 10.10[11.49/11.91 | 10.45[15.26 | (grB [156 | |BRB|120
SSME J-2S/SSME

69

uuuuuuu
------




RAO CONFIGURATION CHARACTERISTICS

BRB SRM
Opt/SSME Mk 11 J-2S/SSME
Opt Mkl | 156-In.| 120-In, 120-1n.
SSME | J-28/ SRM SAM SRM
SSME
GLOW,M Lb 5760 | 6.957 | 4.775 | 4.772 5.625
T/Wle 1.25 1.25 1.25 1.25 1.25
Vstage. FPS 4793 5901 4672 4518 5683
tStage. Sec 137 156 132 125 139
9Stage. PSF 64 1 96 128 33
T/W Stage 1.189 | 0826 | 1.173 | 1.154 0.802
Alt Stage, K Ft 140 196 129 121 165
Qmax PSF 633 647 659 686 688
Wstage, M LBS 1513 | 1.283 | 1.533 | 1.558 1.322
ORBITER
Injection K Lb 228 199.3 | 228 228 199.3
Payload (Polar, Lb| 40 40 40 40 40
No. Engines 4 4 4 4 4
Fyac/Eng, K Lb | 450 265 450 450 265
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RAO CONFIGURATION CHARACTERISTICS

BRB | SRM
Opt/SSME Mk 11 J-2S/SSME
Mk Il
Opt/ | 328 156-in. | 120-In. 120-In.
SSME | SSME | SRM SRM SRM
HO TANK
Liftoff K Lb 1.824 | 1.447 | 1824 | 1.824 1.441
Propellant, M Lb 1.720 | 1.362 | 1.720 | 1.720 1.362
inert, K Lb 104 85 104 104 85
0.9425| 0.941 0.9425 | 0.9425 0.941
Dia meter, Ft 21.1 217 21.7 21.1 27
Length, Ft 168 1457 | 168 168 145.7
BOOSTER
No 2 2 2 4 6
Liftoff, Ea, M Lb 1.854 | 2.654 | 1.362 | 0.680 0.663
Propellant, Ea, M Lb| 1.483 2.166 1.188 0.587 0.573
Inert, Ea K Lb 371 488 174 89.9 89.9
0.800 | 0816 | 0.872 | 0.863 0.864
No Engines, Ea 4 4 1 1 1
Fsl Ea, M Lb 0.726 | 0978 | 2.285 | 1.14 1.028
Diameter, Ft 21.4 25 13 10 10
Length, Ft 122 126.7 | 133 12 112
Mk | Payload, K Lb 21 21
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SELECTED RAO CONFIGURATION

BR8
122 Ft Lg
21.4 Ft Dia

SSME Orh/BR8B

SSME/BRB SRM Backoff
GLOW, M Lb 5.76 4.7
Tot, Inert, M Lb 1.012 0.629
Engines 4/450K 4/450K
Mk | DDT&E 4.028 3.438
PAF, SM 972 823
Cost/Fit, $M 8.2 17
BACKOFF
4 x 1207 In.
!
CONCLUSIONS 1
e Lower GLOW

o Smaller Booster, Thus Lower

Development Risk
o Better SRM Backup - Lower Cost/Flight

o Better Potential to Minimize or Eliminate

Booster TVC
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RAO SUMMARY

® Control — Assume For Now TVC Required
o Separation More Complex — Needs Work
e 4 SSME (450K) Better Than J-2S/SSME Combination

o SRM Backoff Available: 2 x 156" or 4 x 1207
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BRIEFING OUTLINE

BOOSTER
Design
Status

o,

o

©

S oo
R
RN
>3
e =
o >
D W

anuMmAn
r=rrery
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LOX/RP FLYBACK CONFIGURATION
979-061A

WING AREA 9,000 FT2
VERTICAL TAIL AREA 1,500 F 17
MAIN ENGINE TYPE/THRUST Fo101.522 x 108 L8
A/B ENGINE NO./TYPE 10/F 101/F 1283
T LANDING APFR. SPEED 174 KNOTS
:_t:%ggﬁ NOMINAL t ANDING WEIGHT 614 800 LB
o _.‘;j'r'\l —F 1375 FT ENTRY WEIGHT 612,400 LB
ey - ASCENT PROPELLANT 4,587,600 LB
._.i_,, — ezl BLOW 5,298,300 LB
oLowW 1,260,800 LB
GLOW 6,559,100 LB
BOOSTER MASS FRACTION 0.866
THAUST/WEIGHT LIFT-OFF 116

182 7 FT i —— 56”_,{
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LOX/RP FLYBACK BOOSTER
ACCOMMODATION OF ORBITER WEIGHT GROWTH

ENGINES SELECTION
100 [
BOOSTER | ORBITER

B Fo1
ER A /— (1522K Sse
8 ) Fo1A
= (iook| ;%S
= UPRATED

- 28
z e} (165 K)
z [ ;
3 9790614 U {1522K) 28
o
‘5 40
5 ® PO _AR MISSION
s o 7045 FPS STAGING VELOCITY
b « DROP TANK INERT

20 F { INCLUDING W pRESERVE) = 10,000 + .062223 Wp,, LB
® 4 ORBITER ENGINES
A N

0 L - A 4 L i — A
180 190 200 210 220

[} 140 150 160 170

ORBITER LANDING WEIGHT {1.000°s LB)
(tNCLUDES 25,000 LB OF PAYLOAD)
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LOX/RP FLYBACK BOOSTER PROGRAM COST

ATP  PDR CDR FHF FMOF
v oW A ve v
v_oFLT Y
g FLT2 § Y FLT 3 ¢
6/1/7TFHF  ememeee
¢ STA ¢ VFL1a g

12/1/76 FHF — — =

a00

ooTaE | PROD | ops [COST .

™M 1598 352 887 o

II/)DYI:( INCLUDES

@ BOOSTER OEVE LOPMENT
® ROCKET ENGINES

® TEST HARODWARE

DOLLARS (MILLIONS)
T
i

200 |
100 -
T
FY 12103 4 4 65 178 77 {78 |79 {80 | B1 {82 |83 |84 | 85|86 | 87 | 88| 89| 90
p——— - - e e — —+
cosT — | 102 TH? 440 - 394 214 | 166 (1 92 (142 {187 | 119 | B9 | 102 {118 : 119 { 120 | 1149 2
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BALLISTIC RECOVERED BOOSTERS

WHAT WE FOUND OUT {SEPT, OCT )
® COST DRIVERS
® iMPACT DAMAGE UNCERTAINTY

® PROPULSION SYSTEM SCHEDULE

WHAT WE DID (NOV  DEC)
® CHANGES TO INCREASE
® $ - CHANGES TO REDUCE
® DESIGN FOR IMPACT LOADS

® PROPULSION CHANGES FOR
DEVELOPMENT SCHEDULE

79
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CONFIGURATIONS

® 2 BASELINES

e LOX ~ RP SERIESBURN (MODEL 979-150A}
e LOX - RPPARALLEL BURN (MODEL 979-151)

® ALTERNATES

e LOX - PROPANE SERIES (979-148)

» SRM BACKOUT (SERIES) {979-158A)

s 2-STAGE LOX/RP SERI{ES (979-152)

¢ SRMB BACKOUT {PARALLEL) (979-147)



LOX/RP-1 SINGLE STAGE BRB MODEL 979-150 A

DESIGN CHARACTERISTICS

-
GLOW - 7,875,300 LB
BLOW 6,568,300 LB
JOH DUAME TE 4 : oLow 1,307.000 LB
DROP TANK BOOSTER PROPELLANT
\ GH
\ ASCENT = 5.155,000 LB
. LITVC {FREON) = 160.000 LB
’ HYDHAZINE - 24800 LB
. VsTace 5500 FT/SEC
A 0813
BOOSTER WEIGHT
BURNQUT INERT = 1,228,500 L8
(MPACT 1.197.900 L8
ORBITER WEIGHT
INJECTION 200,744 L8
LANDING 163.261 LB

= 36 A — 1" (TRUE)
Pogne b )Y:
VY \ -
cox Tank! ARP 1 AN I" M -
) "
H ?’\ )
A
i THRUST ENGINE H IWN T
o TGO PHT - . 1400 K LB IS.L. GOpLLDAEés] Fos
A B - UP URING REENTRY
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BRB BASELINE MODEL 979-150 ENGINEERING ANALYSES

SEPARATION
@® COUPLED 3-DOF
SIMS
CQAST

CoA
@® 6-DOF SIMS

ENTRY
ASCENT
fala i 10 L. ® WIND TUNNEL
@ 6-DOF FLT CONTROL TESTS
SIMS PV °
— & - DOF 5IMS
\/

® LOADS ANAL

WATER IMPACT -
@® TESTS
® LOADS ANAL

-~
]

-
) LIETOFF MOTION

PR .
é{,k[?j ® 6 DOF SIMS
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BRB CRITICAL PROBLEMS

® THRUST VECTOR CONTROL
® THRUST CHAMBER/VEHICLE INTEGRATION
® PRESSURIZATION SYSTEM

® REENTRY AERODYNAMIC CONTROL

PARACHUTE RECOVERY SYSTEM

® WATER IMPACT

® MATERIAL AND WELD DEVELOPMENT

83
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GENERAL ARRANGEMENT — MODEL 979-150A

PRESS SYSTEM <~ FIN{2)

“. Hw 8 NyH, TANKS
~ .
L e — PARACHUTE
. 7 PACKAGE

—— ENGINE (?)

. INTERTANK

.

S THRUST
STRUCTURE

«-- RACEWAYS (2

— INTERSTAGE

.
“~—RP-1 TANK
~

— LOX TUNNELS
& LINES (7)

— WATER ENTR
FAIRING

~ LOX TANK

- = LN, TANK



PROPULSION SYSTEM LAYOUT (CONFIGURATION 979-150)

LH SIDE VIEW PROFILE PROPULSION SYSTEM

INLET
PRESSURE
PStA

400

PRESSURE SCHEDULE

\ I |

® POGC ANALYSIS

60 80 100
TIME {SECONDISE
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LITVC REQUIREMENTS

ar
Crosswind i Crosswind
3 Yaw ]
X 160
2
= < 120F Axis
21t S
£ £
a - Pitch
§ 0 .-_;__--‘ 1:2 40 | Axis
2 a4} /0 TIme SEE e No Wind
." 0 i i 4 i |
2 \‘. ; Pitch 0 4 8 12 16
v Cost Altitude KM
3l

e Freon Used As Injectant
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RECOVERY SEQUENCE BOOSTER — MODEL 979-150

J 4 %

o

ORIENTATION REENTRY D
® BOOSTER DECELERATION SIART OF
ORIENTED 8Y @ BROADSIDE PITCH DOWN DECELERATION &
REACTION REENTRY ® TWO 6 FT DIA PILOT CHUTES LETOOWN
CONTROL a- 707 g MOHTAR DEPLOYED @M 6 ® SIX 192FTDIA
® BALANCED BY 30,000 FT o 140 PSF MAIN CHUTES
ACTIVE @ TWO 36 F T DIA MAIN PILOT CHUTES DEPLOYED IN
OIHEDRAL FINS TWO-STAGE REEFING
@M - 06 AND
30,000 F T

@ CHUTES
RELEASED
AT IMPACT
IMPACT
® SEA ANCHOR ® INFLATION ® VENT FLOATS V. 100 FPS
AND FLOAT BAG FOR ON EACH CHUTE J
FOR SEA STABILITY FOR RETREIVAL W 1,200k
RETREIVAL a 60" .
- e N e S 44'- T
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WATER IMPACT

® ANALYSIS A
® TEST fy\ vs
® CONSULTANTS

STRUCTURE

WEIGHT

PARACHUTE

Motk

88

5K

21K

Aw

44K

® ViMPACT = 100FT/SEC
e A -0.031

® STRUCTURAL DAMAGE
—»0



IMPACT WEIGHT IS SENSITIVE TO X

Booster Burnout

wt, 103 Lb
2000+ e Staging Velocity - 5500 fps
o OLOW -1.307 Million
us
10004
them
0 1 Ll L] Ll L LS Ll
.80 81 82 .83 84 .85 .86
Booster
89
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WEIGHT STATEMENT — MODEL 979-150A

STRUCTURE
INTERSTAGE JOINT
OXIDIZER TANK

K
I.N2 TAN

NOSE SECTION
CYLINDER

AFT BLKHD & RING
ANTI-SLOSH

INTERTANK
FUEL TANK

FWD BLKHOD & RING

CYLINDER

AFT BLKHD & RING

ANTI-SLOSH

OXIDIZER FEED
TUNNELS

AT SECTION

SKIRT STRUCTURE
THRUST STRUCTURE
BASE HEAT SHIELD

RECOVERY SYSTEM PROV
RACEWAY & KEEL

RACEWAY
KEEL
PAINT & SEALANT
FINS (2}
PROPULSION
ENGINES (7)
OXIDIZER FEED SYSTEM
FUEL FEED SYSTEM
FILL & DRAIN
MISC SYSTEMS
PRESSURIZATION
LM2 TANK
NoH, TANK
H, BOTTLES
GAS GENERATOR
HEAT € XCHANGE RS
THRUSTERS

DISTR HARDWARE

17,940
67,400
B5,140
26,100
11 440

28.240
61180
35,190

€.390

19.200

177.600
54 8980

"6:630
8.070

31,950
34,400

690,800

26800
150.200

234,10

8.070
38,350

1,150
18.000

170,800

143,400
19,940
4320
a70
2.250

38.200
ISTRUCTURE}
5180
1B.560
1,706
4,200
2,000
6.580

STAGE CONTROL

LITVC HARDWARE
ACS HARDWARE {REENTRY)
FIN ACTUATION SYSTEM

ELECTRICAL/ELECTHUNCS/URDNANCE

POWER

AVIONICS
INSTRUMENTATION
ORDNANCE PRUYV
DESTRUCT PRV

RECOVERY $TEM

MAIN CHUTES 16
DROGUES 121
CANNISTERS & 5TTACHMENTS

17960
550

2,900

2,260
210
200
130
200

48,300
2.300
4,400

WEIGHT GROWTH 4104 DRY W1 Lt 58 FNGINESE

BOOSTER LH ¥ WEIGH!
UNUSABLE FLUIDS & GASSES
TRAPPED ASCENT PROPE L | AK1
PRESURIZATION

HYDRAZINE 13,900
HELIUM 2,860
NITROGEN 65,140

BIAS & OUTAGE PROPELLANT
TRAPPED

BOOSTEH STAGING WEIGHT
THRUSY DECAY PROPELLANT
BO0STER BUANOUT HINERTI WT

USABLE PROPELLANIY

ASCENT PROPELLANT
LITVC FLUID

EXPENDED HYDRAZINE

BOOSTER LiF TUFF WEIGHT

45,200
41 900

21,000
5.300

5.165,000
160,000

24 800

71,400

3.000

56,000

H1/00
1063900 _
thy 400

123,300 _
5200
1228500

%.339 800

6568300

5.339.800

ABOOSTER ' oann

UHIL



WEIGHT (1,000 LB

INERT WEIGHT DISTRIBUTION — MODEL 979-150A

700

600

500

400

300

200

FINS
OTHER
AFT
STRUCTURE
RP
TANK
PLUMBING
OTHER
v TRAPPED
TANK e
ENGINES
ELECT & CONT]
I ""'] p
RECOVERY RESSURANT
STRUCTURE PROPULSION  PRESSURIZATION OTHER GROWTH RESIDUALS

HARDWARE

91
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BRB LOX/RP — 979-150 REFURB AND CHECKOUT MANPOWER

SINGLE CREW - 2 SHIFT
TO RECYCLE 1 BOOSTER

MECHANICS AND TECHNICIANS:

3

STRUCTURES 6

ELEC PWR. NETWORKS AND INSTR 12

RANGE SAFETY, SEPARATION & ORDNANCE 8

PNEU. & PROP. FEED 10

PROPULSION (MAIN ENGINES) 35

LITVC AND FLIGHT CONTROL 30

REENTRY/RECOVERY g $-1C EQUIVALENT

GROUND SUPPORT EQUIPMENT i y 15 210 MEN
TOTAL MECHS & TECHS. 142

ENGINEERING @ 20% (10% AFTER FIRST TWO YEARS}
QUALITY CONTROL @ 15%

PLANNING AND SCHEDULING @ 10% 92
SAFETY, RECORDS AND MISCELLANEOUS @ 5%
DIRECT SUPERVISION & CLERICAL @ 15%

SINGLE CREW TOTAL 234
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TOTAL DIRECT BOOSTER HEADCOUNT

BOOSTER REFURB AND CHECKOUT MANPOWER — 979-150

1.000

800

600

400

200

- 50
TOTAL HEADCOUNT

—_——=l= .
7 o
7 — a0 >
7 2
o
/ @
a
7 2
4 <
/ — 30 >
Z
/ e
Ve b3
o
3
7 %
Ve Q
- 20 2
v w
. Q
/ <
@
S
s AVERAGE MAN YEARS PER RECYCLE <

~{ 10

| i 0

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
YEARS
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PROGRAM COST (BILLIONS) — MODEL 979-150

$3.9428

oPs
1.2008

PROD.
13268

DOT&E
1.266 B

MGMT 0.162

TOTAL = §3942
COST/FLIGHT = 82.7

94



156 INCH SRM-HO SERIES BURN
MODEL 979-158A

/

Z156 IN. DIAMETER SOLID MOTOR (3)
2,307,000 LB. S.L. THRUST EA.

THRUST FRAME
& INTERSTACE

GIMBALED
NOZZLES

F” 126 FT - A—-——{
258 FT — —— «{

95

DESIGN DATA
GLOW 5,535,000 L8,
BLOW 4,350,000 LB.
oLOW 1,185,000 L8.
BOOSTER W, 1,271,000 L.

X" .87

P, 750

r— 74FT — |

SHEAR TIE AFT
ATTACHMENT
PERMITS MOTOR
ELONGATION

uuuuuuu




979-158A SRM WEIGHT DATA

® 156 Dia o Sea Lovel Thrust = 2.307 x 1[l‘i LBF o Nozzie Types — Flex Seal
® P NOM =750 PSI o Case Matl 6 DAC 0 Npgooors =3

e A=.8%93 o XN=877

Weight - Lb
@ Basic Motor (144,500)
- Case 95,900
— Insulation & Slivers 21,500
~ Liner 2,800
— Thrust Termination 2,300
- ignition System 1,200
- Nozzle 17,300
— TVC System 3,500
® Separation System {2,800)
® Egquipment {2,500}
- Destruct 800
— Electrical 800
— Instrumentation 900
o Stage Provisions {19,000}
— Forward Skirt Assembly 3,300
— Cluster/Attach 6,300
— Interstage 4,400
— Aft Skirt Assembiy 2,900
— Base Heat Shield 2,100
e External Finish (1,500)
o Growth Module Inerts — Each (8,600)
@ Useful Propellant — Each 178,900
271,000
Total Module — Each 1,450,000
Total Stage BLOW 4,350,000
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PARALLEL BURN (RAO)
BALLISTIC RECOVERABLE BOOSTER — MODEL 979-151

HEAT SHIELD DESIGN CHARACTERISTICS
LOX TANK DIAMETER AP~ 1 TANK / PAYLOAD 40,000 LBS
LN, TANK / GLow 6.761,000 LBS
o BLOW 1,854,000 LBS EACH
1 PROPELLANT 1,483,000 L8S EACH
i oLow 2,063,000 LBS
b PROPELLANT 1,720,000 LBS
‘ ORBITER INJWT. 229,033 LBS
V,
s STAGE 4,793 FPS
20 FT THRUST/WT. (LIFTOFF}  1.26
| MAX. Q" 633 PSF
ORB|TER HO DROP TANK !
130 N DIAMETER , SSME
i 2 banT THRUST VAC - 450,000 LBS EA
‘ = (sp VAC = 457.2 SEC
€ - 8 90
‘ 1 MR -8
- R B [ 1841 FT  — N A__| GIMBLE - P
PRESSURE FED ENG -
(NO LITVC)
THRUSTSL. =« 707,360 LBS
IspS.L + 2236 SEC !
¢ -8
MR - 25
Pe
\ 825 FT
AN
FIN
HOLO DOWN
LOX TANK e — 1370 FT — — FITTING
LH,, TANK GH, TANK

2
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WEIGHT STATEMENT — BRB (RAO)

MODEL 979-151

STRUCTURE
OXiDIZER TANK
INTERTANK
FUEL TANK
AFT SECTICON
ATTACH STRUCTURE
RACEWAYS & KEEI
PAINT & SEALANT
FINS (2)

PROPULSION
ENGINES (&) {7}
OXIDIZER FEED SYSTEM
FUEL FEED SYSTER
FiLL AND DRAIN
MISC. SYSTEMS

PRESSURIZATION

STAGE CONTROL
RCS HARDWARE (REENTRY!

210,400 ELECTRICAL/ELECTRONICS/ORDNANCE 2,400
59,700
8,800 RECOVERY SYSTEM 18,000
48,200
11,800 WEIGHT GROWTH 25,300
10,900
MODULE DRY WEIGHT 327,000
1,200
550
UNUSABLE FLUIDS & GASES 42,600
3.250 TRAPPED ASCENT PROPELLANT 12,500
PRESSURIZATION 22,600
56.500 BIAS & OUTAGE PROPELLANT 7.500
48,500
5.830 MODULE STAGING WEIGHT 368,600
1,210
260 THRUST DECAY PROPELLANT 1,400
640
MODULE BURNOUT (INERTIWT 371,000
14,100
USABLE PROPELLANTS 1,483,000
300 ASCENT PROPELLANT 1,476,200
300 EXPENDED HYDRAZINE 6,800
MODULE LIFTOFF WEIGHT 1,654,000
BOOSTER LIFTOFF WEIGHT 3,708.000
N\ BOOSTER 2,966,000
3,708.000

98
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156 INCH SRM — HO PARALLEL BURN (RAO)
MODEL 979-147

THRUST TEAMINATION ~
1 \MOTOR (2 REQUIRED)

(ABORT ONLY)
THRUST 2,337.000 LBS.L.

33CIN.DiA
OROP TANK -—— /

i 4
THRUST ATTACHMENTW\

S ——  ABINFT - © e

|
@
o
—

99

DESIGN DATA

GLOW
BLOW
oLow
BOOSTER WT

| — SHEAR ATTACHMENT

& SEPARATION HINGE

4,878,000 LB
2,763,000 LB
2,126,000 LB
1,215,000 LB EA
0.882

750 PSI

__ 14 SSME ENGINE
THRUST 450,000 LB
S.L.EACH

anvmman
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BRB BOOSTER COMPARISON

Series Burn Parallel Burn | J2S/SSME
J2S/SSME SSME 6,958,000
BLOWLB 6,568,300 5,761,000
WingRT LB 1,228,500 742,000 977,300
VST AGE fps 5,500 4,793 5922
Length (Ft) 160.7 136.7 136.7
Tank Dia (Ft) 33.0 19.2 213
Max Weld Thickness (In.) 3.5 20 2.2
Thrust (SL) Eng (Lb) (7) 1,400,000 | (8) 746,000 (8) 1,000,000
LITVC Freon None (?) None (?)
Fins Moveable Fixed (?) Fixed (?)
Staging q, (psf) 22.0 113.0 11.0
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BOOSTER COST COMPARISON ($M)

Series/J2S/SSME RAO/SSME
Model 979-150A / 979-151 | 979-147
LOX/RP-1 7,178 Lox/RP | SRM Backoff
/| 583 |\
979-158A H N\
SRM Backout 1 ,"/ |\ 4571
/ L
3942 /1 Al " ~
Total - -/ '\ 3128 516
Operations 1200/ | 3813 ] |\ = { 13,570
————t {1244 |/
Production 1,325 446
—_———} N \ 933
DDT&E 1 1,265 ~ A -“:_ 831 :— 309
Management ——»==== 152 O === 176
276 120
Cost/Flight (Opns) 27 1.3 28 1.1
Expendahle Hdw 3.0 13.2 21 8.0
Total Cost/Flight 5.7 145 ag 91
Booster Buys 28 444 28 444

101
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CONCLUSIONS

o BRB Is a Viable System
e Recovery Weight Sensitive to Impact Problems
e DDT&E Series — $1.268
Paraliel — $0.898

o SRM Backout for Both Series, Parallel

o Cost/Flight Higher

o Lower DDT&E
e LOX/RP vs LOX/Propane

0 Take Your Pick
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BRIEFING OUTLINE

#h Perforimance
Salection

; e Comparison Process
¥ )

ven Performance o Cost

% Selection e Evaluation

SYSTEM
Comparison &
Evaluation

SUMBMARY
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CONFIGURATION SELECTION — A 3-STEP PROCESS

\\
<’945600

Flyback Series
BRB RAO/BRB

BRB RAO/BRB

L)

104

BRB

(2)
156

(4)
120

I




COST COMPARISON

Flyback J-2S
‘ Series/BRB
“{Li
|
SSME
4.35
1.15
i 1.07
$/Flight 6.7 8.1 7.9

105

RAO/BRB

78

97

8.2
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GLOW & TOTAL INERT COMPARISON

2T
s
v

6.9

M Lb 6.6 .

RAO
SSME/BRB

SSME/BRB J-28S Orbiter
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ORBITER OLOW & INERT WEIGHT COMPARISON

MLb |2.05

Series Burn

SSME/BRB SSME/BRB J-28 Orbiter
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INERT WEIGHT COMPARISON BOOSTER

K Lb

Series Burn
SSME/BRSB

n

Flyback Booster
J-2S Orbiter
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HO TANK PROPELLANT & INERT WEIGHT COMPARISON

1.72M

X=0.942

RAQ

SSME/BRB

Series Burn
SSME/BRB J-28 Orbiter
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DETAILED PHYSICAL CHARACTERISTICS SUMMARY

Flyback Series Burn RAQ

J-25/SSME BRB/SSME BAB/SSME
GLOW, M Lb 6.55 6.9 5.76
oOLOW, M Lb 1.25 1.29 2.05
Orbiter inert, K Lb 144 185 187
Orbiter Ory, K Lb 136 147 158
8LOW MLb 5.3 5.6 n
Booster Inert, K Lb m 1081 742
Tank Inert, K Lb 70.5 703 103
Booster A 0.866 0.8075 0.80
Tank A 0.932 0.934 0.943
Vstage: FPS 7046 5003 4793
9Stage- PSF 18 62 64
No./Ea Booster, Dia Ft 1/33 1/33 714
Booster Length, Ft 165 146 122
Tank Diameter, Ft 24 24 21.7
Tank Length, Ft 133 136 168
Stack Height, Ft 306 283 168
8str Eng, No./SL Thrust, M Lb 5/1.52 7/1.23 8/.726
Bstr Eng Igp Vac, Sec 304.7 275.7 284.5
Orb Eng No./Vac. Thrust, K Lb 4/265 4/375 4/450
Orb Eng Igp Vac, Sec 436 451.2 457.2
T/W, Liftoff/Staging 1.16/0.845 1.25/1.163 1.25/1.19
Bstr Propellant, M Lb 4.59 4.73 297
Tank Propeltant, M Lb 0.963 1.002 1.72
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SUMMARY COST EVALUATION

Series RAD
J-25/SSME SSME ME
‘g?‘““ / SS
B

Mk | DDT&E B 4.08 435 4.02
Peak Annual $ B 1.02 1.07 .97
Cost/Flight BRB M 8.1 1.9 8.2
Cost/Flight SRM M 21.97 (156”) | 20.36 (156”) | 17.47(120")
Total Prog.- BRBB | 10.83 10.40 10.10
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EVALUATION SUMMARY

Series
SSME/BRB

RAD
SSME/BRB

oY

f

i

p—

V] 402

Lower DDT&E $B AR
NOOFF

Requires TVC il — i} - g s*™

Better Abort Capability _ _

{No Alt Ldg Site Req'd) -‘_/_] i]

More Practicsl/Lower Cost
SRM SM/Fit

_i.'ﬂ

Lower Booster Inert Weight
K Lb

MY

oRS RAC

Simpler Booster Separation

1

Cleaner Drbiter/Boaster
Interface

T

Lower Payload Sensitivity
Lb/M%

._l 3380

Lower Cost of Payload
Assurance $/% Wt Incr

B

FAVORS SERIES

v

Light Orbiter (Inert W)
KLb

il 156

-—] 167
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PAYLOAD SENSITIVITIES

Series/BRB
' RAO/BRB
.
4000~ IR
-3380
3183
30004 'oul 583
st -800
Booster 927
1000 o/piter 1750 1870

Orbiter Sensitivity Based on
Injected Wt - Payload
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COST OF PAYLOAD ASSURANCE

Inert Weight increase

Series Burn RAQO
SSME/BRB SSME/BRB
DDT & E Cost to Provide 35 $M 45
Payload Margin
Prog Cost A/Percent Total 13$M 25

A

v
Stage
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ABORT CAPABILITY COMPARISON SERIES vs RAO

{4 Engines)

Abort to

Liftoff Staging Launch Site Orbit Inj
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BRIEFING OUTLINE

PARALLEL BURAN
Weh Pertormance
& Selection

BOOSTER

Dasign

Status
SYSTEM
Comparison &
Evaluation

SUMMARY
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CONCLUSIONS

ASSUMPTIONS

(A)  Minimize Cost For DDT&E & Peak Annual Funding
(8)  Minimize Development Risk/Overrun Potential
(C)  Low Cost Per Flight But Not Overriding (A) & (B)

FLYBACK

Higher Development & Peak Funding Requirements Compared
to Alternates Available. The Risk in Costs Occur in The Eary
Years
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CONCLUSIONS

ASSUMPTIONS

(R)
(8)
(C)
(D)

Minimum Cost to DDT&E & Peak Annual Funding
Minimize Development Risk/Overrun Potential
Low Cost Per Flight But Not Overriding (A) & (B)
Cost Effective SRM Backup

BRB SERIES vs BRB RAO
e SERIES BRB Large, Somewhat More Expensive
System
e Separation & Orbiter Interface Simpler
But e SRM Backoff & Cost/Flight Higher

e RAO BRB Smaller, Somewhat Lower Cost
System

e Separation & Orbiter Interface Significantly
More Complex

But e SRM Backoff Simpler & Cost Per Flight Lower
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SERIES BRB ENGINE SELECTION SUMMARY

o With J-2S/SSME GLOW Is Higher by 1M Lb But DDT&E
Is Lower By $270M Over Opt SSME

If Optimized SSME Is Desired:

o Orbiter Installed Thrust Should Be Near 1.2M Lb
for Lowest DDT&EI

® With Four Engines Having Better Abort Performance
Than Three
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CONCLUSIONS

The Issue: Technical Choice Versus Fiscal Backoff Selection

@ Technically Simpler System
e Less Payload Sensitivity

o RAO Provides Backoff at
Lower Cost/Flight
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